Lyme disease is the most common vector-borne disease in the United States and Europe, caused by a tick-borne spirochete, Borrelia burgdorferi. Life cycle alternation between arthropod and mammals enhanced B. burgdorferi to adapt to two diverse niches. Although B. burgdorferi infection in these reservoir hosts appears asymptomatic, infection in human can typically cause inflammation in the skin, nervous system, musculoskeletal system and heart. In this review, we discuss the basic molecular characteristics and cell biology of B. burgdorferi and provide an overview of spirocheteinduced activation of innate and adaptive immunity, resulting in particular immunopathology. Advancing understanding of the immune evasion mechanisms of B. burgdorferi provides important implications for ongoing research and clinical practice of Lyme disease.
Introduction
Lyme disease was first described in Lyme, Connecticut, after an outbreak of what was thought to be "juvenile rheumatoid arthritis" (1) . Since juvenile rheumatoid arthritis does not occur in outbreaks, researchers studied these patients, which led to the identification of Lyme arthritis.
Later, it was founded that Lyme disease affects different organs of Lyme disease patients during different stages of the infection (2) Ixodes ticks have three life stages that require blood: larvae, nymphs, and adults. Because B. burgdorferi is not vertically transmitted by ticks to their offspring, larvae become infected when feeding on infected reservoir animals and transmit the infection to new animals during their next bloodmeal. Nymphal ticks appear to be responsible for the majority of human transmission in the eastern U.S.; the majority of human cases occur in late spring and summer when this stage is most commonly encountered. Many mammals and birds have been implicated as reservoirs for B. burgdorferi in the U.S., although in most of the sites where transmission is intense, white-footed mice appear to most frequently contribute to the spirochetal life cycle (3). (8) . In contrast, in unfed ticks, OspC is not expressed by B. burgdorferi (8, 9) , however, OspC is quickly up-regulated upon entry to the mammalian host (10, 11) . In addition to TLRs and NLRs, integrins are also key signaling molecules that can activate TLR-independent signaling pathways for matrix metalloproteinase (MMP) production (37) . Previous work showed that B. burgdorferi binds to integrins αII2β3, αvβ3, α5β1 and, α3β1 (38~40). Furthermore, at least two different integrins, αMβ2 integrin (also known as CR or CD18-CD11b) and α3β1 integrin mediate internalization of spirochetes in the absence of antibodies (41, 42) .
Role of innate immunity
Although persistently elevated numbers of spirochetes in tissues from these mice were thought to be due to defective development of antibody response, surprisingly, the antibody response appeared normal and functional, suggesting TLRindependent activation of B lymphocytes could function efficiently in the absence of TLRs (19) . Although Liu et al reported that deletion of MyD88 in B. burgdorferi-infected mice led to a shift in a humoral response to Th2-associated antibody isotypes with an increase in the production of Th2 associated antibody isotypes, IgG1, in MyD88 deficient mice (23), B. burgdorferi-specific antibody production in TLR2 or MyD88 deficient mice does not lead to efficient clearance of spirochetes, suggesting that inability to control numbers of spirochetes in the absence of MyD88 can be due to a defect in effector cells involved in innate immune response (19, 24) . In summary, the recognition of B. burgdorferi components by TLR2 or MyD88 is not essential for the development of the early adaptive immune response.
Role of adaptive immunity
Previous studies suggested that the development of Unlike T cell's role in inflammation control, B cellmediated response is important for clearing the pathogen (57) . IgM, T cell independent antibodies, is crucial for the initial reduction of spirochetal burdens, whereas T celldependent production of IgG by B cells is typically detectable by the second week of infection (58, 59 ).
Mouse models of Lyme arthritis
Animal models have been very important in the under- burgdorferi but not arthritis (75) .
Phagocytosis of B. burgdorferi
The presence of phagocytes, such as neutrophils and would include elements of both the vector and the pathogen will be interesting to follow.
